OBJECTIVE -To investigate the effect of nonhormonal contraception (NHC), combination oral contraception (COC), and depo-medroxyprogesterone acetate (DMPA) on lipids and blood pressure in women with recent gestational diabetes mellitus (GDM).
W
omen with prior gestational diabetes mellitus (GDM) have a high risk of developing type 2 diabetes during their reproductive years (1-4). Conception in the face of hyperglycemia in the diabetic range can double the risk of birth defects in offspring (5). Good glucose control before conception can greatly reduce this risk. These three facts make pregnancy planning and, thus, effective contraception, crucial to the health care in women with prior GDM. Equally important is choosing a contraceptive that is metabolically safe (6,7). Low-dose combination oral contraceptives (COCs) (4,8 -13) and depo-medroxyprogesterone acetate (DMPA) do not appear to increase the diabetes risk, with the exception of progestin-only methods in breastfeeding women (4, 8) or DMPA in women with hypertriglyceridemia (8). Relatively little has been published regarding the impact of hormonal contraception on other metabolic syndrome components such as abnormal lipids and blood pressure. The present study examines whether COCs, DMPA, and nonhormonal contraceptives (NHCs) have different effects on serum lipids and blood pressure in a clinical cohort of mostly Hispanic women with prior GDM.
RESEARCH DESIGN AND METHODS -
The study cohort has been described previously (1, 4, 5, 14) . Briefly, in 1987 we initiated diabetes and lipid screening for women with prior GDM at Los Angeles County Women's and Children's Hospital's High-Risk Family Planning Clinic. Patients were scheduled for a 75-g oral glucose tolerance test (OGTT) and fasting serum lipids 4 -6 weeks postpartum and annually thereafter in combination with their contraceptive care. Women who elected hormonal contraception were scheduled for an additional OGTT 3-6 months after initiation. Weight and blood pressure were recorded at each OGTT. Women also returned for interim visits in the event of an intercurrent medical problem, a desire to change contraceptive method, and every 6 months for COC refills or every 3 months for DMPA injections. OGTT and lipid assessments were not performed at interim visits, but blood pressure, weight, and systems review were obtained. During annual visits, women underwent physical examination, contraceptive counseling, and were advised to exercise daily and attain or maintain ideal body weight. When impaired glucose tolerance or abnormal lipid levels were found, subjects received additional lifestyle and nu-trition counseling. Medications used by the subjects were recorded at each visit. Smoking history was not abstracted for study purposes, but very few women were smokers in this cohort. Approximately 97% of the cohort have Spanish surnames and were born in or of parents from Mexico or Central America.
Subjects were excluded from the present analysis if at the initial clinic visit they had diabetes, hypertension (blood pressure Ͼ140/90 mmHg), or other chronic vascular disease. For women who developed diabetes and/or hypertension during follow-up, data were used up to the visit in which diabetes or hypertension was first detected. If severe hypertriglyceridemia (Ͼ500 mg/dl) or hypercholesteremia (LDL cholesterol Ͼ130 mg/dl) developed, women were referred for dietary counseling. Thyroid status was evaluated and lipids were rechecked after 3 months. If the lipid abnormalities persisted, hormonal methods were either discontinued or changed and the subject was referred for further diet counseling. During the period of this study (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) , statins were infrequently prescribed in the clinic and none were prescribed in this relatively young, nonhypertensive cohort. For women who became pregnant during follow-up, data were used up to the visit before pregnancy. For women who switched contraceptive methods, data were used up to the visit before switching. This study was approved by University of Southern California Institutional Review Board.
Selection of contraception
At the postpartum visit, subjects were given standardized education regarding contraceptive methods and were permitted to select their desired method, irrespective of age or initial metabolic status. COCs were not prescribed for subjects with a history of hypertension, current blood pressure Ն140/90 mmHg, cardiovascular disease, or current cigarette use. For nonbreastfeeding women who elected COCs, either a monophasic norethindrone preparation (0.40 mg of norethindrone and 35 g of ethinyl estradiol) or a triphasic levonorgestrel preparation (0.05-0.125 mg of levonorgestrol and 30 -40 g of ethinyl estradiol) was prescribed. Individualized deviations had to be approved by the medical director (S.L.K.). Women who elected DMPA received 150 mg via intramuscular injections every 12 weeks.
Testing procedures
Fasting lipids were drawn concurrently with the baseline glucose measurement of the OGTT, which was performed under standard conditions (8). The blood samples for serum lipid determinations were drawn into tubes without anticoagulants, and serum was separated after the blood was allowed to clot for 1 h. Total serum cholesterol and triglyceride concentrations were measured by enzymatic hydrolysis and oxidation. HDL cholesterol levels were determined by enzymatic oxidation after precipitation of LDL cholesterol and VLDL cholesterol. LDL cholesterol levels were estimated as (total cholesterol) Ϫ (HDL cholesterol) Ϫ (total triglycerides/5), unless triglycerides were Ն400 mg/dl, in which case LDL cholesterol was not estimated. Blood pressure was measured with an aneroid sphygmomanometer after patients had been sitting for at least 5 min.
Data analysis
Total area under the curve (AUC) for plasma glucose during the OGTTs was calculated by the trapezoid method. Baseline characteristics were compared among NHC, COC, and DMPA groups by ANOVA for continuous variables and 2 or Fisher's exact test for categorical variables. To maintain overall type I error, a P value Ͻ0.017 was accepted as being statistically significant for the pairwise comparisons (Bonferroni correction). Log transformation was applied for nonnormally distributed continuous variables before ANOVA. Time from index delivery and durations of follow-up were compared among groups by Kruskal-Wallis. Rates of weight change during follow-up were compared by ANOVA.
The main focus of data analysis was a comparison of the patterns of change in LDL cholesterol, HDL cholesterol, triglycerides, systolic blood pressure (SBP), and diastolic blood pressure (DBP) from the postpartum visit among the three types of contraception (NHC, COC, and DMPA). Random coefficient mixed-effects modeling (also called growth curve modeling) was used to examine the average pattern while taking into account individual differences in baseline values and follow-up time. This approach revealed no significant deviation from linear changes ( Fig.  1) , so the average slopes of change were compared among groups. The variability among subjects in baseline values and slopes was incorporated by specifying intercepts and slopes as random effects in the analysis. Group differences in slopes for each of the five outcomes were tested by examining the interaction between group and follow-up time in the mixedeffects model. Any differences in slopes among groups were tested by F test with two degrees of freedom and with significance defined as P Ͻ 0.05. Pairwise differences in slopes between groups were tested with one degree of freedom and with significance defined as P Ͻ 0.017 (Bonferroni adjustment). Slopes in each of the five outcomes were compared among (between) groups in three ways: 1) unadjusted, 2) adjusting for baseline confounders, and 3) adjusting for both baseline confounders and follow-up breastfeeding and weight change. In selecting potential baseline confounders for which to adjust, baseline characteristics that were significantly different among groups were tested for significant crosssectional and longitudinal correlation with each of the five outcomes by linear mixed-effects model. Cross-sectional correlation was assessed by the covariate main effect, and longitudinal correlation was assessed by the covariate and follow-up time interaction. For this analysis only the NHC group was used to avoid any unknown impact due to hormonal contraceptive use. Possible confounding effects from follow-up breastfeeding and weight change were evaluated similarly. Variables that both differed among groups and were significantly associated with the outcome variables, with P Ͻ 0.10 in the NHC group, were included as potential confounders in the adjusted analysis. Adjusted variables were centered by the corresponding mean value from all subjects to estimate the adjusted slopes for each group.
To evaluate the impact of breastfeeding on the results, the above analyses were repeated after excluding breastfeeding subjects. SAS (SAS, Cary, NC) was used to perform all the analyses, and PROC MIXED was used for the mixed-effects model analyses. All reported P values are two sided.
RESULTS -A total of 972 women met the subject selection criteria and had at least one follow-up OGTT while using their initial method of contraception (448 selected NHC, 430 selected COC, and 94 selected DMPA). Of 430 women in the COC group, 67% initially received monophasic norethindrone (0.40 mg), 25% received the triphasic levonorgestrel, and 8% received COCs containing Xiang and Associates low-dose estrogen (Յ35 g) with varying doses of norethindrone (Յ1.0 mg) or levonorgestrel (Յ0.150 mg).
At baseline (Table 1) , the three groups were similar with regard to the frequency of insulin treatment during the index pregnancy (prescribed for persistent fasting glycemia Ն105 mg/dl), OGTT fasting glucose, and blood pressure. The time since delivery, age, BMI, parity, frequency of diabetes in family members, breastfeeding status, OGTT glucose AUC, and lipids were significantly different among the three groups (Table 1) . Differences in time since delivery, age, BMI, parity, and blood pressure were very small. Other differences were more prominent. For example, there was more diabetes in family members and more breastfeeding and lower glucose AUC, triglycerides, and HDL cholesterol in the DMPA group. LDL cholesterol was lower in the COC group.
The median duration of follow-up while continuously using the initial method was significantly longer for the NHC group (20.3 months) compared with the COC and DMPA groups (12.0 and 11.2 months, respectively) ( Table 1) . The shorter duration of follow-up in the latter two groups was primarily due to exclusion of data after changing methods in the COC group and to later introduction of DMPA into the cohort (available in 1992). The DMPA group gained weight at a significantly higher rate (4.3 Ϯ 6.9 kg/ year) than either the NHC or the COC groups (1.2 Ϯ 4.7 and 0.7 Ϯ 6.0 kg/year, respectively; P Ͻ 0.0001). Figure 1 depicts the time course of unadjusted mean values for LDL cholesterol, HDL cholesterol, triglycerides, SBP, and DBP by annual visits for the three groups. The mixed-effects model estimates and the comparison of the mean unadjusted and adjusted slopes of change in lipids and blood pressures during follow-up for the three groups are given in Table 2 . For LDL cholesterol, the unadjusted slopes were negative for all three groups (range from Ϫ6.5 to Ϫ11.3 mg ⅐ dl Ϫ1 ⅐ year Ϫ1 ), and the slopes were not statistically different among groups (P ϭ 0.22). The time between delivery and baseline testing and the baseline values for age, BMI, parity, family history of diabetes, and HDL cholesterol were significantly different among the three groups; they were correlated with follow-up LDL cholesterol in the NHC group (P Ͻ 0.10). Adjustment for these potential baseline confounders made almost no differences in the comparison of the slopes of LDL cholesterol over time among groups (P ϭ 0.25) and neither did adjustment for the potential confounding effect of breastfeeding and weight change during follow-up. 
-Mean LDL cholesterol (LDL-C), HDL cholesterol (HDL-C), total triglycerides (TG), SBP, and DBP at annual visits during uninterrupted use of NHCs (F), COCs (E), and DMPA (OE).
For HDL cholesterol, the unadjusted slopes were negative in the NHC and DMPA groups but positive in the COC group. The slopes were significantly different among the three groups (P Ͻ 0.0001); specifically, the slope in the NHC group was significantly lower than the slope in the COC group (Ϫ1.6 Ϯ 0.4 vs. 1.2 Ϯ 0.5 mg ⅐ dl Ϫ1 ⅐ year Ϫ1 ; P Ͻ 0.0001). Time from delivery to baseline testing and baseline values for age, BMI, family history of diabetes, glucose AUC, LDL cholesterol, triglycerides, and breastfeeding status met the criteria for possible confounders of change in HDL cholesterol. After adjustment, slope in the COC group remained significantly different from the slope in the NHC group and remained so after further adjustment for follow-up breastfeeding and weight change.
For triglycerides, the unadjusted slopes were negative in all three groups (range Ϫ9.6 to Ϫ14.4 mg ⅐ dl Ϫ1 ⅐ year Ϫ1 ) and were not statistically different among the three groups (P ϭ 0.76). Adjustment for baseline potential confounders of time since delivery, age, BMI, parity, glucose AUC, and HDL cholesterol failed to bring out any significant differences in slopes, as did further adjustment for breastfeeding and weight change during follow-up.
The results for blood pressure are given in the bottom of Table 2. In the absence of adjustments, SBP rose slightly in NHC and COC groups but decreased slightly in the DMPA group. The differences in the slopes among the groups did not approach statistical significance (P ϭ 0.17). Adjustment for potential baseline confounders of time since delivery, age, BMI, and glucose AUC had little impact on the results. Further adjustment for differences in breastfeeding and weight change during follow-up lead to a significant difference in SBP slopes among the groups (P ϭ 0.04). Specifically, the rate in the COC group was significantly higher than the rate in the DMPA group (1.3 Ϯ 0.4 vs. Ϫ1.7 Ϯ 1.1 mmHg/year; P ϭ 0.01). The difference was primarily due to the adjustment for weight gain in DMPA users (1.3 vs. Ϫ1.5 mmHg/year when only weight change was adjusted). For DBP, the slopes were close to zero for all three groups and did not differ significantly among groups whether unadjusted (P ϭ 0.88); adjusted for baseline potential confounders of time from delivery to baseline testing, age, BMI, glucose AUC, LDL cholesterol, and triglycerides (P ϭ 0.93); or further adjusted for breastfeeding and weight change (P ϭ 0.86). All of the above analyses were repeated after excluding the 54 women from the NHC (n ϭ 33) and DMPA (n ϭ 21) groups who breastfed during the study period. Results were similar to the adjusted analyses presented above.
CONCLUSIONS -While decades of clinical experience and large studies have confirmed the safety and minimal metabolic effects of low-dose COCs (15, 16) and DMPA (17) in healthy women, there is a paucity of data examining their use in women at risk for components of the metabolic syndrome, including cardiovascular disease. We previously reported the impact of different forms of contraception on the risk of diabetes in Hispanic women with prior GDM (4,8). The present report adds important information about the impact of contraception on cardiovascular risk factors of obesity, blood pressure, and lipid levels. Our results suggest that COCs can be prescribed without clinically significant effects on weight, serum lipids, or blood pressure in normotensive, nondiabetic Hispanic women with prior GDM. DMPA, on the other hand, is associated with increased weight gain that could, in the long run, prove deleterious to the risk of diabetes (8,14) and possibly heart disease.
In previous short-term, controlled trials examining low-dose COC use in prior GDMs, our group (9) and others (10) did not find significant effects on LDL choles- 
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Data are frequency (%), median (lower quartile-upper quartile), or means Ϯ SD. *From ANOVA orterol or triglycerides. In all three groups, the LDL cholesterol and triglyceride levels improved from the baseline postpartum values, possibly due to a physiological return to nonpregnant metabolism (18) . The slight increase in HDL cholesterol in COC users was consistent with a previous short-term controlled trial in prior GDM (9) and in normal women (19 -23) . Although statistically significant, the potential health impact of the very small increase in HDL cholesterol in COC users is unknown. The association that we observed between COC use and slightly increased SBP is well known. Others have demonstrated increases in both SBP and DBP in healthy women using COCs (24 -26). Our COC users had very small positive slopes for both SBP and DBP, but the slopes were on average not significantly different from NHC users. The slope of SBP change was lowest in the DMPA group, so that SBP change in that group was lower than the change in the COC group after adjustment for differences in weigh change. This finding suggests that any SBP-lowering benefit of DMPA was counterbalanced at least in part by effect of weight gain, so that unadjusted SBP was similar across study groups. On average, differences in change in SBP from baseline were very small and not likely to be clinically significant.
Use of DMPA has not been associated with an increase in blood pressure or thromboembolism (26, 27) . Progestinonly methods do not increase liver globulin production of angiotensinogen and clotting factors. Therefore, DMPA has been considered to be a relatively safe contraceptive option for women with cardiovascular risk factors (28) who desire hormonal contraception. This mindset appeared to be operative in our cohort, in which women who were placed on DMPA were more obese, more likely to have family members with diabetes, and had lower HDL cholesterol levels at baseline than women placed on COCs. We saw no deleterious effects of DMPA on lipids or blood pressure but a significant increase in weight that can contribute to an increased risk of diabetes (8, 14) .
The significant weight gain in DMPA users has been demonstrated by several other studies. In Navajo women followed for 1 and 2 years, DMPA users gained a mean of 6 and 11 pounds over the control group (29) . In Brazilian women followed for 5 years, DMPA users gained 4.3 compared with 1.8 kg/year for intrauterine device users (30) . In obese adolescent girls followed for 18 months, DMPA users compared with COC users and control subjects gained 9.4, 0.2, and 3.1 kg, respectively (31) . Obese adolescents appear more susceptible to DMPA-associated weight gain, which manifests as increased total body fat rather than lean mass and may not be due to increased appetite (32) . Our study showed a very similar pattern of annual weight gain in DMPA, COC, and NHC users of 4.3, 0.7, and 1.2 kg/ year, respectively. The long-term impact of such weight gain on cardiovascular risk is unknown.
Our study has three important limitations. First, assignment to contraception was not done randomly. Subjects and their providers selected contraceptives according to common clinical practice. This fact likely contributed to the differences in baseline characteristics and lengths of uninterrupted use of the initial method. We applied statistical methods that allowed us to adjust for important confounding variables at baseline and during follow-up. Thus, we were able to sort out in the statistical sense independent effects of contraceptives on selected cardiovascular risk factors. Unadjusted patterns of change may better reflect what will happen in patients clinically. Second, our results should be interpreted with the knowledge that the median duration of continuous use of the same method of contraception was slightly Ͻ2 years for NHC and ϳ1 year for COC and DMPA. Thus, the rates of change that we report occurred mostly over 1-2 years and should not be extrapolated to longer periods of use. Finally, very few women in this cohort smoke, and we did not have quantitative information on frequencies and duration of smoking, so we were unable to examine potential confounding effects due to smoking. In summary, this prospective observational cohort study in Latino women with prior GDM revealed that patterns of change in serum LDL, triglycerides, and blood pressure after pregnancy were not significantly different among NHC, lowdose COC, and DMPA contraceptive users. Adjusting for baseline differences and follow-up breastfeeding and weight change did not alter these conclusions for LDL cholesterol, triglycerides, and DBP. Adjustment for weight gain identified a small but statistically greater increase in SBP in COC users compared with DMPA users, an effect that was mitigated in part by DMPA-associated weight gain. Patterns of change for HDL cholesterol revealed a very small beneficial effect for COC users that was presented in unadjusted and adjusted analyses. The biggest impact of the contraceptives evaluated was that the weight gain associated with DMPA, which was on average ϳ4 kg during the 1st year of use. Whether this pattern will persist for longer periods in women with prior GDM is unknown from our data, but studies suggest that it will (29 -31) . We conclude that COCs and DMPA have very little net impact on lipids and blood pressure in Latino women with prior GDM. However, the weight gain associated with DMPA use suggests that this preparation should be used only with careful attention to nutrition and careful monitoring of body weight and glucose levels in this high-risk group of patients.
